Objectives: To examine physical activity (PA) in multiple contexts (household, walking, and leisure-time PA) and blood pressure (BP) across gender and income among older adults living independently. Methods: A convenience sample of 372 older adults completed 2 BP measurements and PA questionnaires. Results: Older adults with high incomes (≥$30,000) engaged in less household activity, more leisure time PA and better controlled their BP than those with low incomes (<$30,000). Men walked more than women. Older women in the low-income group had less controlled BP than those women in the high-income group. Participants with normal or controlled BP were engaged in more household and walking activities than those with uncontrolled BP. Conclusion: Findings suggest that older men and women at high or low-income levels have different mode of PA and BP management that should be considered for intervention strategies.
High blood pressure (BP) among older adults is a prevalent and chronic condition that can be prevented and controlled by a healthy lifestyle, one that includes physical activity (PA) . 1 Yet, a large proportion of the older adult population is inactive or sedentary in everyday life, which has become a public health concern. 2, 3 According to the 2008 Physical Activity Guidelines for Americans, 4 older adults should do 2 types of PA: aerobic activity and muscle strengthening activity, which give substantial health benefits in different aspects. Aerobic activities such as brisk walking, jogging, dancing, tennis, and swimming strengthen the cardiovascular system. Walking, an aerobic activity, compared with other leisure time PA is the most common, easily accessible, convenient, beneficial mode of exercise to health for older adults, especially who have limited choice in the type of PA. 5 Studies show that daily walking might be underestimated than people actually carried out, 6 while 70% of older adults use walking as their major activity. 7 Compared with the benefits of aerobic PA, muscle-strengthening activities such as house cleaning, lifting, caring bags, climbing stairs, and doing laundry, strengthens muscles and aids in balance Household activity, much of which includes muscle strengthening activity, however, has rarely been accounted for when assessing exercise behavior. 8 As older adults spend much of their time at home, evaluating activity in this context is particularly relevant.
Gender and income level are indicators of social disparities in PA. For example, numerous studies have found evidence that women and low-income groups are less active and more sedentary than men and those with high incomes. 7, 9, 10 The gender disparity in regular exercise becomes greater in the old-old age group in which only 10% of men and 5% of women aged 85 years or older engage in regular exercise. 11 Compared with the evidence for gender disparities in PA, indications of an association between income and PA have not yet been clearly identified. A study of 7500 Canadian adults showed a direct positive association between income and leisure-time physical activity (LTPA). 12 Only 11% of low-income older adults engaged regularly in LTPA and strengthening activities, compared with 29% of those with higher incomes. 11 Children and adolescents in poverty areas reported more sedentary lifestyles than their counterparts in more affluent areas. 10, 13 While low income is a predictor of physical inactivity, income status does not differentiate walking activity among groups. 9 The Third National Health and Nutrition Examination Survey findings from 1988 to 1994 found no evidence that income among 18,885 adults was associated with physical inactivity. 14 An observational study revealed that income was not a significant factor in predicting the amount of PA and sedentary behavior among 339 children. 15 Those studies were inconclusive and rare studies were conducted for the association of PA mode between gender and income levels. Further studies about PA patterns and mode by different groups of income status and between older men and women will provide the knowledge necessary to develop effective interventions.
Studies do report that most older adults prefer walking as an exercise mode rather than sports or the leisuretime PA popular with young adults. 3, 9 The few studies that have examined gender and income in relation to PA suggest that women and those with low incomes report that their only LTPA is walking, even though they may acknowledge that their neighborhood environments are unsafe. 16, 17 Another study indicate that more men than women engaged in brisk walking and that the income variable was positively associated with walking activity. 7 A study using pedometers to measure the amount of walking found a significant association with gender but not with income. 18 A great deal of further research is necessary. Only with such knowledge will be able to design effective strategies to motivate the elder population, so that they may reap the health benefits that come with regular physical activity.
Of particular relevance to older adults is the importance of regular PA in the control of BP and the prevention of hypertension. Adults who are able to tolerate moderate-to high-intensity exercise have significantly lower systolic and diastolic BP. 19, 20 In particular, elderly women who are active in their daily lives have significantly lower systolic BP than less active women of the same age. 21 The research has also found that training in PA results in a 5 to 15 mmHg decrease in systolic BP within 1 to 3 months, and this positive effect of PA on BP is even greater in hypertensives than in nonhypertensives. 22 Despite the benefits of PA on controlling BP, more than half of older adults still have hypertension and the rate of treatment and control of hypertension remains low. The prevalence of hypertension among U.S. adults is 66% for adults aged 60 and over and 77% for those aged 85, and those figures represent increases over the last 2 decades. 23, 24 In one study, 39% of the hypertensives controlled their BP under 140/90 mmHg, and 18% reported that they regularly engaged in PA. 25 The Minnesota Heart Survey found that the use of lifestyle modification, including engagement in PA, to control high BP actually decreased from 21.2% to 14.3% during the periods from 1990 to 1992 and from 2000 to 2002. 26 To counter that negative trend, to promote physical and psychosocial functioning, and to reduce the incidence of high BP among older persons, healthcare professionals should make it a priority to encourage the elderly to engage in the recommended levels of regular PA in everyday life.
The study was examined partially using a multidimensional PA model, 27 which proposes individual factors, interpersonal influence, and neighborhood environment as predictive factors, and PA as a behavioral outcome. The PA model is expanded from the individual alone to the individual and his or her environment. When the intra-and interpersonal factors and the environment are combined, the influences on behaviors are hypothesized to be greater than those of each alone. Thus, using that PA model, the current study hypothesized that the personal factors of gender and income influenced an individual's health behaviors, which included PA and of blood pressure.
The purpose of the current study was to examine differences in the relationship between types of PA and BP status across gender and income among older adults living independently. Specific objectives were to examine 1) the differences in household activities, walking, and leisure-time PA by gender and income, 2) the differences in normal, controlled, and uncontrolled BP by gender and income, and 3) the differences in PA between normal, controlled-and uncontrolled blood pressure.
Methods
This study was a secondary analysis of data sets taken from previous PA studies, with a collective sample totaling 372 adults aged 60 or over and living independently in 2 regions: Texas and California.
Sample and Settings
The 372 older adults who participated in the studies were recruited at senior centers, senior apartments, retirement communities, and community organizations with nutritional programs in 7 cities of the mid-central and west-coastal regions of the U.S. To assess the statistical power of the study, a function of the SPSS Program was used to obtain the observed power and the partial eta squared value.
Recruitment criteria included an age of 60 years or older, the ability to read English, the ability to walk without a walking device, and an independent living status. Because the studies collected by means of selfreport, potential participants who had moderate to severe cognitive impairments, as evaluated by the OrientationMemory-Concentration Test, were excluded.
Instruments
Background information was measured by asking the participants to report their age, gender, ethnicity, income, and education. Self-reported family income level was measured in 6 categories, ranging from $0 to more than $50,000 at $10,000 intervals. For data analysis, the income variable was categorized into 2 groups: annual income greater than and less than $30,000.
To obtain hypertension status, 2 blood pressure measurements were taken at a 1-week interval. These measurements followed NHLBI 28 procedural guidelines for measuring BP. The systolic and diastolic readings from the 2 BP measurements were each averaged and then categorized as follows: Normal, controlled, and uncontrolled BP. Normal BP was defined as BP lower than 140 mmHg in systolic pressure and 90 mmHg in diastolic pressure without an antihypertensive prescription. Controlled BP was defined as BP lower than 140 mmHg in systolic and 90 mmHg in diastolic among those taking prescription medications for hypertension. Uncontrolled BP was defined as any case in which systolic BP was above 140 mmHg, diastolic BP was above 90 mmHg. Prescription for hypertension referred to self-reported prescriptions for hypertension, which was requested by name in the studies.
Leisure time physical activity was measured with the Habitual Physical Activity Questionnaire (HPAQ), 29 with the addition of items targeting walking behavior. This questionnaire consists of 22 items that assess household, sports, and leisure-time physical activities for older adults during the previous 12 months of their lives. The household portion consists of 10 items, for a possible total score of 10, based on the number of household activities reported. Sports and leisure physical activities were measured with 4 open-ended questions asking about frequent activities, which were followed by multiplechoice questions asking the number of hours per week the individual engaged in the activity and the length of time the individual had been engaged in that activity over the previous year. Each sports or LTPA was categorized into one of 33 modes and converted to a metabolic expenditure (MET) value according to guidelines established by Ainsworth et al. 30 Each exercise MET value was multiplied by the hours of exercise per week (duration) and months per year. The total amount of LTPA was obtained by summing the amounts from each activity (sports activity and LTPA, but not walking activity). A MET value was calculated separately for walking activity in the same way as that for sports and LTPA. Thus, for this study, PA was divided into 3 modes: household activity, LTPA, and walking activity. For all the activities, higher scores indicated greater physical activity.
Voorrips et al 29 reported a test-retest Spearman rho correlation coefficient of 0.89 with a 20-day interval for 30 adults aged 63 to 80 years. The validity of the HPAQ was supported by a Spearman rho correlation coefficient of 0.78 between the total activity questionnaire score and an averaged 3-day activity recall and by a Spearman rho coefficient of 0.72 between activity scores measured with a pedometer and measured by self-reports. 29 
Data Collection Procedures
Data collection was initiated after approval of the Institutional Review Board of the Universities and permission was received from the senior centers and organizations. After their screening for eligibility, candidates were invited to participate. If they agreed, the study was described to them in detail, and any questions they had were answered. Each participant provided 2 BP measurements at a 1-week interval, and each filled out the study questionnaires described above.
Analysis SPSS (ver. 15.0) was used to obtain descriptive statistical summaries of demographic information, blood pressure levels, and the amount of LTPA, walking, and household activities. Not surprisingly, physical activity data were nonnormal. To address this, data were log transformed before analysis. Natural log transformations were calculated after adding the constant +5 to each physical activity variable (to include respondents reporting 0 minutes of a specific activity in the log transformation). The data were then transformed by using the natural logarithm (base e) of the series, which was used to remove varying amplitude over time. After addressing statistical assumptions, a 2 (income level) × 2 (gender) multivariate analysis of variance (MANOVA) was used to determine overall main and interaction effects for the 3 dependent variables (household activity, walking, and LTPA) to analyze the effects of income and gender. Univariate analyses of variance (ANOVA) were used to evaluate the contributions of each dependent variable (household, LTPA, walking, systolic BP) to income and gender differences. Chi-square analysis was used to determine the differences among BP status (normal, controlled, and uncontrolled) by income and gender. ANOVA was also applied to determine the differences in the contexts of PA among normal, controlled, and uncontrolled blood pressure. For ANOVA analyses, a 2-tailed significance level of .02 was applied and for the rest of analyses, .05 was applied.
Results
The mean age of the participants was 71 years (SD = 5.93); 65.6% (244) were women; 70% Caucasian, 19.6% Hispanic, and 5% African American. Most participants (88.4%) had high school diplomas or higher, 44% were married, and 47% lived alone ( Table 1 ). The average BP of the participants was 137 mmHg in systolic and 76 mmHg in diastolic; 267 (72.2%) had high systolic (over 140 mmHg) or diastolic (over 90 mmHg) pressure, or they were taking prescribed medication for hypertension. Of the total participants, 162 (58.7%) had BPs above 140/90 mmHg, and 210 (55.0%) were taking medication(s) to control their BP. As the data were collected in Texas and California, participants' characteristics in the 2 regions were compared. A significantly greater number of participants in Texas reported being Hispanic, were significantly younger, had higher income status, higher BP, and less household activity than those in California (Table 1) .
Differences in the Characteristics of PA by Gender and Income
Most participants (n = 352) engaged in some kind of PA: 112 (29.3%) reported that walking was their only mode of exercise; 74 (19.4%) engaged in LTPAs without walking; and 30 (7.9%) did not engage in any physical activity. Of the 35 exercise modes, walking was the most popular mode (39%), followed by gardening (12%), stretching exercise (Yoga, Tai chi, 5.1%), swimming (5.4%), water aerobic (4.5%), aerobic (4.8%), dancing (4.2%), and golf (4.4%). In men, golf, machine exercise, tennis, sports (baseball, basketball, softball), and weight training were most frequent and common modes. Women engaged most in walking (41.2%), aerobics (7.4%), dancing (line or ballroom, 5.3%), gardening (12.7%), and stretching (6.5%). By income status, the most popular modes of PA in participants with low income included walking (44.9%), dancing (17%), gardening (11.1%), and stationary bike (3.0%). Those with high income also reported walking (33.6%) as most popular, followed by water sports (swimming, water aerobic, 12.3%), golf (6.2%), stretching (Yoga, Tai-chi, 5.9%), hiking (2.2%), and tennis (1.4%).
Results of a 2 (gender) × 2 (income level) MANOVA examining household activity score, total leisure activity MET, and walking MET revealed a significant interaction, Wilks' Lambda = .921, F(3, 366) = 10.40, P < .001, η 2 = .08; as well as significant main effects for gender, Wilks' Lambda = .924, F(3, 366) = 9.99, P < .001, η 2 = .076; and for income level, Wilks' Lambda = .87.3, F(3, 366) = 17.76, P < .001, η 2 = .13.
As shown in Table 2 and Figure 1 , the interaction significantly contributed to differences seen in household activity only, F(1, 368) = 31.08, P < .001, η 2 = .08.
Men at low income levels reported greater household activity (mean = 2.52, SD = .459) than men at high income levels (mean = 2.12, SD = .357). For women, no differences by income level in household activity were seen. Income level alone also made a significant contribution to differences seen in household activity, F(1, 368) = 17.96, P < .001, η 2 = .047, however these effects appear to have been overridden by the significant interaction.
Main effects for gender differences were shown in only walking activity, F(1, 368) = 15.79, P < .001, η 2 = .041, but no difference in household and LTPA: older men reported significantly more walking than older women did. Income level significantly contributed to differences seen in total LTPA, F(1, 368) = 25.67, P < .001, η 2 = .065, with those at low income levels reporting less LTPA than those with higher income levels. 
Differences in BP Status by Gender and Income
Differences in BP status-normal, controlled, and uncontrolled BP-were evaluated by gender and income. In men at high income levels, 15% of high income group had uncontrolled BP vs. 28% at low income levels, though the relationship was not statistically significant (χ 2 (2, 244) = 4.41, n.s.). In women, the relationship was significant, with the high-income group having better controlled BP (79.2%) than the low-income group (33.6%) (χ 2 (2, 244) = 10.06, P = .007, Table 3 ). There was no relationship between normal, controlled and uncontrolled BP and gender but a significant relationship in BP status and income level was detected, (χ 2 (2, 244) = 10.13, P = .006). The high-income group had significantly better controlled BP or normal BP (81.5%) than low-income group (68.1%) as well as significantly less uncontrolled blood pressure (18.5% vs. 31.9%, respectfully).
Differences in PA Between BP Status
Results indicated that PA was different based on BP groups. Household activity, F(2, 369) = 3.03, P = .049, and walking activity, F(2, 369) = 6.61, P = .002, were significantly higher in normal BP group than in the controlled or uncontrolled BP groups (Table 4) . Participants with normal BP engaged in more walking and performed more household activity than those with controlled or uncontrolled BP. More LTPA than walking was performed in the normal-and controlled BP groups (Figure 2 ). However, leisure-time PA was not significantly different between the normal, controlled, and uncontrolled BP groups, F(2, 369) = 1.07, P = .345. 
Discussion
Comparison of participants' characteristics in 2 regionsTexas and California-showed that participants in Texas were significantly younger, better financial condition but had higher BP and less household activity than those in California, while walking and LTPA were not significantly different in participants between 2 regions. From these findings, participants in Texas seem to have less movement and had higher BP. Further studies identifying the prevalence of hypertension with a larger data set are needed to elucidate the potential dependent relationship between these factors and investigate factors such as obesity and weather effects.
Differences in the Characteristics of PA by Gender and Income
The findings from the current study indicated that common modes of PA engaged in older adults differed by gender and income level. Older men were more likely to engage in LTPA outdoor and open space, while women did PA indoor or in limited space. People at high income levels seemed to exercise by following a structured program, and those at low income levels engaged more in self-directed PA such as walking, gardening, and stationary bicycling. In the current study, when gender and income consider together, significant interaction suggests that to some degree income differences only occur for men. When one looks at the results from another perspective, men with low incomes participate in much more household activity but in less LTPA than men with high incomes. This finding suggests that older men with low incomes are more likely to stay home and have more opportunity to do chore-related housework rather than other leisure time PA, to which they may have more limited access. In women, there was no difference in household activity between women at high and low income levels. It may be that women at lower income levels might be more limited in their time for activities outside the home due to family caretaking obligations, such as grandparenting, in addition to household work. Women at higher income levels may stay at home and do household work, but also participate in LTPA. As Macera et a 8 pointed out that household activities were rarely measured as a PA, further studies reflecting household activity as a part of PA are recommended.
Furthermore, the findings show that women are less engaged in walking than men, whereas previous studies have indicated that walking activity is a general mode of exercise for all those with low incomes. 16, 17 Women staying at home and engaging in more household activities than going out and walking, may need prompts and education to emphasize the importance of walking activity to health benefits, to increase aerobic activity.
Older adults at high-income level were engaged in much more LTPA than those with low incomes, which is consistent with the result of the precious studies. 9, 31 These findings suggest that PA patterns between older men with high income and low income are different. Health care providers need to consider participants' gender and income status together for feasible and practical strategies on each target population.
Differences of BP Status by Gender and Income
The findings regarding BP controlled status (normal or controlled BP) show no significant differences between men and women, which is different with the literature. 32, 33 Overall, maintaining normal BP and under controlled BP were significantly better in older adults at a high-income levels. The current study analyzing BP management status with income levels and gender together provide specific results. Women at low-income levels significantly less maintained their BP within normal range or less controlled their BP than women at high-income levels. Women at low income levels might not be aware of their BP level or not know how to manage their health condition; therefore, great attention about this awareness, knowledge of hypertension to this special group is required.
Differences in PA Between BP Status
The study findings by 3 different BP status indicated the importance of PA to get health benefits. Older adults who kept their BP in normal range engaged in greater amount of PA in walking and household activity than other groups who were uncontrolled or controlled BP. These findings are consistent in broad range with the previous reports that more active group had low prevalence of hypertension. 34, 35 The current finding that older adults with uncontrolled BP significantly less walked than those with controlled BP brought an attention with the findings together in the previous sections that older women with low income had higher prevalence of uncontrolled BP and engaged in less walking activity. The findings indicated that women with uncontrolled BP and at low income levels carry out more household activity but significantly low walking as well as low LTPA. Recommendation for this special group could be education for walking efficacy on BP control and guidance of feasible walking plans to individuals. As rare studies comparing BP status and type of PA were found, further studies are recommended to be generalized the findings.
Limitations
The study contains a few limitations. One was the use of self-reports to measure the amount of the participants' daily physical activity. While an advantage of the HPAQ is its assessment of a variety of activities that may be more relevant to older adult activity than only querying leisure-time and sport activity, some respondents possibly failed to indicate some modes of PA in which they actually engaged. Another limitation was to use of different measurement for mode of PA. Walking and LTPA were converted to MET scores but household activity was a mean of responses from 10 items. If the household activity could be assessed and converted to MET score, the findings could be more convincing.
Conclusions and Implications
The findings of the study indicated that older adults with high-income status engaged in more LTPA than those with low-income levels; older men walked more than women; women and men at low income levels involved in greater household activities than men at high income levels; and older adults who kept their BP in normal range engaged in more household and walking activities than those who had hypertension. Study findings suggest that household and walking activities are important PA modes to control BP in older adults and needed to be included as a part of PA activities.
